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Abstract 

Aim: Pain management is important for newborns’ immediate and long-term well-being. While intranasal analgesia 

and sedation have been well studied in children, their use  could be extended to term and preterm infants. This 

systematic review aims to assess the use of intranasal medications for procedural analgesia or sedation in the  

neonatal intensive care unit. Methods: MEDLINE via Ovid, Scopus, Embase,  and Cochrane Library were searched 

independently by two reviewers for clinical studies on sedation or analgesia given intranasally. Results: Seven studies,  

with 401 patients, were included. The studies described various molecules (midazolam, fentanyl, ketamine, or 

dexmedetomidine) for different procedures such as intubation in the delivery room, screening for retinopathy, or 

magnetic resonance imaging. All studies reported significant reduction in pain and sedation markers (based on 

clinical scales, skin conductance, and clinical variables such as heart rate and crying time). Adverse effects were 

uncommon and mostly consisted in desaturation,  apnoea, hypotension, or paradoxical reactions. Discussion and 

Conclusion: The intranasal route seems a potential alternative for procedural pain management and sedation in 

neonates, especially when intravenous access is not available. However, data about safety remain limited. Reported  

sides effects could be attributed to molecules used rather than the intranasal route. Optimal drugs and doses still  

need to be characterized. Further studies are needed to ensure  safety before promoting a widespread use of 

intranasal medications in neonatology. 
 
 

Introduction 

 
Infants admitted to the neonatal intensive care unit (NICU) undergo numerous procedures leading to 

pain and stress during the first days of life [1]. Prevention of pain improves the outcomes and is necessary 
for ethical reasons. Repeated noxious stimuli early in life expose infants to short- and long-term adverse 
consequences [2, 3]. In the short term, pain induces behavioural changes, increased stress markers and 

free radicals, altered cardio vascular parameters, and decreased oxygenation [4]. Recurrent neonatal pain 



is associated with reduced brain development at term equivalent age [5] and with adverse 
neurodevelopmental outcomes [2, 6]. 

Pain can be related to disease, but can also arise from procedures and explorations required for 
intensive care [3]. Therefore, rationalization of care should aim to avoid painful stimuli [1–3]. Each 

procedure must have a well thought-out indication and needs to be associated withpain assessment and 
management. Non-pharmacologic strategies have shown variable effectiveness in reducing pain and/or 

stress-related behavioural responses resulting from mildly to moderately painful or stressful interventions  
[2, 3]. 

While multiple drugs are available for analgesia and sedation, consensus regarding the ideal molecule is 

lacking. In neonates, opioids, mainly fentanyl and morphine, are the most common, followed by sedative 
hypnotics and general anaesthetics [2, 7] with considerable variability depending on local practices. 

Presently, most drugs are administered enterally or intravenously in neonates. Enteral administration may 
lead to suboptimal analgesia due to a slower onset or a prolonged and unpredictable  duration [8]. 

Intravenous (IV) or intramuscular (IM) administration provides a rapid and effective action, but requires the 
placement of a catheter or an injection, in itself a stressful and painful procedure [9]. Intranasal (IN) drug 

delivery has emerged as an alternative method to achieve fast drug delivery while being less invasive [10]. It 
is used in paediatrics emergency rooms for the administration of analgesics, sedatives, or anticonvulsants [8,  

11, 12], especially when lacking IV access. Several studies also described its use in children for elective 
procedures including magnetic resonance imaging (MRI), CT-scans, trans thoracic ultrasound, 

electroencephalograms, and hearing tests [13–16]. 
However, data in neonates regarding doses, pharmacokinetics, or efficacy remain limited. Therefore, 

uses have derived from paediatric practices. The off-label use of IN drugs for pain and analgesia 

management in NICU has already been reported in small descriptive studies. Harlos et al. [17] reported IN 
fentanyl use for palliative care in 58 newborns and small infants, concluding its effectiveness and safety. 

Kaushal et al. [18] described increasing uses of IN fentanyl in their NICU, most commonly for intubation 
and central line placement. This systematic review aims to describe the clinical use of IN drugs for 

analgosedation in the NICU. 
 

 
Methods 

 

Research Protocol 
This systematic review was conducted and reported following the Preferred Reporting Items for Systematic Review and Meta- 

Analysis (PRISMA) Guidelines [19]; the checklist is available in online supplementary data (for all online suppl. material, see www. 
karger.com/doi/10.1159/000521949). The protocol was registered in advance of data extraction with the International Prospective 
Register of Systema tic Review (PROSPERO) (CRD42020221346). 

Eligibility Criteria 
Clinical studies, including randomized controlled trials (RCTs) and prospective or retrospective studies reporting the use of IN drugs 

for infants’ analgosedation in the NICU, were considered eligible. Cohort studies were purposely selected to broaden the data 
available and to describe current early adopters’ practices. Case reports were excluded. 

Informati on Source and Search Strate gy 
Two investigators searched MEDLINE via Ovid, Scopus, Embase, and The Cochrane Central Register of Controlled trials for studies 

published between inception and May 2020, without language restriction. Free language and Mesh/Emtree terms were  used, 
including preterm infant, newborn, analgesia, sedation, pain management, invasive procedure, and IN administration. All search 
strategies are provided in online supplementary data. 

Study Selection 
Citations were managed with the RAYYAN QCRI Web App [20]. After exclusion of duplicates, two reviewers independently 

screened titles and abstracts for relevant studies. Full texts were then independentl y reviewed for eligibility. Conflicts at any step of the 
selection process were resolved by discussion with a third reviewer. Reasons for full -text exclusions are registered in the online  
supplementary table. 

Outcomes 

http://www/


Papers that met the inclusion criteria 
(n =10) 

Duplicate publication, protocol or 
abstract: 

Scientific abstract (n =1) 
Study’s protocols (n = 2) 

Full-text articles assessed for 
eligibility (n = 86) 

Records screened by title/abstract 
(n = 2757) 

Records identified through electronic 

databases (n = 4819) 

Medline via Ovid: 920 
Scopus: 1416 
Embase: 2145 

Cochrane Library: 338 

Total studies included 
(n = 7) 

 
Rejected papers (n= 76) 

• Wrong population (n= 54) 
• Wrong outcomes (n = 6) 
• Wrong publication type (n = 3) 
• Wrong study design (n = 3) 
• Study in progress (n = 6) 

• Full-text not available (n =4) 

Did not match the inclusion criteria 
(n = 2671) 

Duplicate studies among electronic 
database (n = 2062) 

The primary outcome was the effectiveness of pain management. Given expected heterogeneity in pain assessment, prim ary 
outcomes included standardized pain assessment scales and physiologic parameters (heart rate, respiratory rate, oxygen saturation 
and blood pressure). Secondary outcomes included adverse events, especially cardiorespiratory depression during and after the 
medication administration, defined by apnoea, oxygen desaturation, bradycardia, hypotension, or chest wall rigidity. Other  adverse 
events like rash, feed intolerance, and paradoxical agitation were also documented. Regional cerebral oxygenation through near-
infrared spectroscopy was searched as a surrogate of the impact of medication on cerebral haemodynamic. Additional secondary 
outcomes included data on pharmacokinetics, optimal dose, and delay before intervention for the different mol ecules. 

Data Extraction and Analysis 
Two reviewers independently extracted prespecified data us ing a previously prepared data extraction form. Disagreements were 

resolved through discussion with a third reviewer. Authors were contacted to provide additional data for missing information. 
A large heterogeneity in study designs, sedation indications, drugs used, and pain assessment methods was expected. A descriptive 

analysis of included studies was performed rather than a meta- analysis. 

Bias and Quality Assessment 
Two reviewers independently evaluated risks of bias of individual studies using the revised Cochrane Risk-of-Bias tool for RCT 

(RoB2) [21]. For prospective and retrospective studies, quality was assessed with the Newcastle-Ottawa Scale (NOS) [22]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 

 

Fig. 1. PRISMA flowchart of the study. 

 
 

Results 
 

Literature Search and Study Selection 
The search strategy identified 4,819 records. After duplicates removal, 2,757 studies were screened by title and 

abstract. Full texts of 82 articles were evaluated. Four others were not available. Ten publications met the inclusion 
criteria, with 3 duplicate publications. Finally, 7 studies were included, for a total of 401 patients [23–29]. The selection 
process is presented as a PRISMA flowchart (Fig. 1). 
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Study Characteristics 
The baseline characteristics and methodological parameters of the included studies are summarized in Table 1. 

Three RCTs [23–25], two prospective [26, 27] and two retrospective [28, 29] cohort studies were included. Each study 
reported approval by an ethics committee when necessary. 

Among the RCTs, the first had an IN placebo control group [23]. The second compared IN to IM sedation [24]. Milési 
et al. [25] study is a double-blind RCT with two IN interventions, both included in the outcome analysis. 

One prospective study used a historical group as control [27]. None of the three other observational studies had a 
control group [26, 28, 29]. Only one study was multicentric [25]. All studies but one were in English. The study 
published in Chinese [24] was translated using a website (DeepL Translate, January 2021). 

The indications for analgesia or sedation and the molecules used varied between studies. One study evaluated IN 
fentanyl for pain management during retinopathy of prematurity (ROP) screening [23]. Two studies described the 
sedative effect of IN midazolam or dexmedetomidine during MRI [24, 27]. IN midazolam (nMDZ) for intubation in 
the delivery room was evaluated in 2 studies [25, 26], with comparison to IN ketamine (nKTM) in one [25]. One 
retrospective study documented the use of IN fentanyl for procedural pain management [28] and one focused on 
the safety and indications of IN fentanyl and midazolam within the NICU [29]. 

Patient Characteristics 

In total, 401 patients were included: 327 preterms [23, 25–29] and 74 infants at term or term equivalent age [24, 

29]. Five studies recruited only preterm infants [23, 25– 28]. Studies with a control group had well-matched 
gestational ages, birth weights, and sex ratio [23–25, 27]. 

 
Risk of Bias 
The risk of bias of the three RCTs was assessed as low [23–25]. The quality of the cohort studies was limited by a lack 

of control group in three of them [26, 28, 29] and limitations in the methods description in the last [27]. Risks of bias 
and quality assessment criteria are presented in Figure 2. 

 
Outcome Analysis 
Main Outcome 
The primary outcome was the assessment of pain and analgesia after IN drug administration in NICU patients,  

summarized in Figure 3. Five studies used standard pain and sedation scales to evaluate treatment effectiveness [23, 
26–28]. Two studies assessing IN fentanyl used the Premature Infant Pain Profile (PIPP) [28] or its revision (PIPP-R) 
[23]. Sindhur et al. [23] reported a significant reduction in PIPP-R during ROP screening compared to IN saline solution 
(p < 0.001). PIPP scores indicative of adequate analgesia were also reported following IN use for various procedures 
[28]. 

Two studies evaluated both sedation and pain management using the Reactivity, Tonus, and Consciousness (RTC) 
scale and the Faceless Acute Neonatal pain Scale 

(FANS) before and during intubation in the delivery room [25, 26]. Comfort was rated as adequate in 85% of cases 
using pain thresholds of RTC ≤3, FANS score ≤3,  and skin electrical conductance ≤0.21 pic/s [26]. Sedation was more 
frequently adequate after nMDZ than nKTM (93% vs. 64%; p = 0.04) while comfort was similar (96% 
and 95% of patients, p = 1.00) [25]. 

During MRI, IN midazolam improved the level of sedation as assessed by significantly higher modified Ramsay 
Sedation Scale scores (p < 0.05), compared with IM phenobarbital, 20 min after drug administration [24]. Another 
study of sedation for MRI reported that IN dexmedetomidine decreased the use of IV or IN midazolam. However, 
almost half of the infants (49%) still required rescue therapy to complete the procedure [27]. 

Most studies analysed physiological parameters to consider pain assessment. A significant reduction in the heart 
rate after analgesia [23, 28] and significantly shorter crying times (p = 0.001) [23] were observed. No study described 
cerebral oxygenation by near-infrared spectroscopy. 

  



Table 1. Features of included studies 

Sindhur et al.  
[23] 

RCT 

Double -bli nd 
Monoce ntr i c 
India 

111 56/55 

Mean (±SD) GA (weeks): 30. 7  
(±1.7)/31.0 (±1.7) Mean (±S D ) 
BW (g): 1,409 (±410)/1 , 5 3 7  

(±432) 
Male (%): 25 (45)/21 (38) 

IN fentanyl 2 μg/k g  
versus IN nor ma l  

saline solution 

Neona te s w i th  
postme nstr ual age be tw e e n 

30 and 34 weeks First RO P 
screening 

Mechanical ventila ti on  
Haemodynamic 

unstable 
Sedation Congenita l 

malforma ti ons 
Neurological 

dysfunction 

Premat ur e Infant Pa i n 

Profile-rev ise d (PIPP-R ) 

score during the scree ni ng  
and 1 and 5 min post-

procedur e 

Physiological variables (hear t 
rate) 

Oxygen saturation at pre - 
specified time poi nts  

Average duration 
Total crying time Adver se  

effects (apnoea, 
desaturati ons , bradycar di a ,  
chest wall rigidity, rash, fe e d 

intolerance) 

Wang et al. [24] 70 35/35 IN midazola m 0.3 mg/ Neona te s underwe nt a In the last week: Modified Ramsay Compl e ti on of MRI 

RCT 
Single-bli nd 
Monoce ntr i c 
China 

Mean (±SD) GA (weeks) a t 
MRI: 40.57 (±1.43)/40. 5 7 
(±4) 

Mean (±SD) BW (g) at M RI :  
3,300 (±1,030)/3 ,0 90 
(±1,150) 

Male (%): 13 (37)/12 (34) 

kg versus IM  
phenobarbital 

sodium 10 mg/kg 

cranial MRI scan G ood 
sucking power Tota l  

gastrointe sti nal 
nutrition 

Good weight gain in the la st 
week 

No specific therape ut i c 
medication 

recurrent vomiting a nd 
gastro-oesophageal 

reflux; apnoea, dyspnoe a ,  
wheezing, cyanos i s ;  

unstable cardiovascul a r  
status; seizures and 
elevated cranial pressur e ;  

grade 3–4 IVH or  
intracranial pathology 

Sedation Scale Occurrence of adver se  
effects 

Physiologic signs: heart rate ,  
oxygenation, blood pressur e ,  

respiration 

Milési et al. [25] 60 27/33 IN midazol a m 0.2–0.4 Inborn patients Maternal general Success: combina tion of Intubati on features 

RCT doubl e  
blind 
Multicentri c (4 ) 

France 

 

 
 

 

 

 
Baleine et al.  
[26] 

Prospe ctiv e 
Monoce ntr i c 

France 

Mean (±SD) GA (weeks): 27.6  
(±2.1)/28.3 (±2.6) Mean (±S D ) 
BW (g): 1,080 (±360)/1 , 1 4 0  

(±410) 
Male (%): 16 (59)/19 (57) 

 

 

 
 

 
27 Median (Q25–Q75 ) GA  

(weeks): 29 (27–33) Me di a n  

(Q25–Q7 5 ) BW (g): 1,27 0  
(817–1,942 ) 

Male (%): 15 (56) 

mg/kg versus IN  
ketamine 2–4 mg/kg 

 

 

 
 

 

 
 
 

IN midazola m 0.1 mg/ kg 
No control 

sponta ne ously breathi ng at 
5 min of life 
Neonatal respiratory distr e ss  

requiring endotrac he a l  
intubation Presence of an  

investigator , not involved in  
the infant’s care Sig ne d 
consent from at least one of 

the parents 

Inborn preter m neona t e s  
sponta ne ously breathi ng at 5  

min of life, with – neona ta l  
respiratory distr e ss  

(Silverman- Ande r son 
retraction score 

>3 in <30 wGA and >5 in 

30–34 wGA) 
Surfactant require me n t 
(FiO 2> 0.3 < 30 wGA or 
>0.4 for 30–34 wGA) 

Normal blood pressur e 

anaesthesia for delive r y  
Requireme nt of imme di a te  
intubation (meconi u m 

aspiration syndr ome ,  
congenital diaphrag ma ti c  
hernia, severe neona ta l  

asphyxia) 

 

 
Requireme nt of imme di a te  
intubation; i.e., for Apgar  

score <4, meco ni u m 
aspirati on syndr ome ,  

major malformati on like  
congenital diaphrag ma t i c  
hernia 

(1)  a sedation score be for e  
intubati on ≤1 and (2) a 
FANS (Faceless Acute  

Neonatal Pain Scale) scor e  
<4 

 

 

 
 

 
Neonatal comfor t dur i ng  
intubation, using: 
RTC (Reactivity, Tonus, a nd 

Consci ousness scale) scor e  
(0–4) 

FANS 

Electrical sk i n  
conducta nce da ta  

Electro-cli ni cal scor e  

(FANS + sk i n  
conductance) 

(number of attempts a nd 

time to intubation) Adver se  
events in the followi ng 12 h 

Mortality and morbidity duri ng  
the stay in the NICU 

 

 

 

 
Intubati on features (num b e r  
of doses of nMDZ, time to 

adequate sedation, duration of 
glottis exposure) 

Adverse events in the 24 h  
following nM D Z :  

cardiovascul ar (blood pressur e  
and cardiac rhythm), centr a l  
nervous (seizures and 

paradoxical reactions) systems 

country 

 

control 

    



Table 1 (continued) 

Bua et al. [27 ] 
Prospective 

study w i th  
historical group 

control 
Monocentric 
Italy 

 
McNair et al.  

[28] 
Retrospe ctive 

Monocentric 
Canada 

 

 

 

 
Ku et al. [29 ] 
Retrospe ctive 
Monocentric 

USA 

93 53/40 

Median (IQR) GA (weeks): 30. 2  
(29.1–31.5)/31.1 
(29.0–32.0) 

Median (IQR) BW (g): 1,2 3 0  
(990–1,440 )/1, 2 50 (1,060– 

1,490) 

Male (%): 18 (45)/24 (45) 

23 Mean (±SD.) G A  
(weeks):31.8 (±4.1) 

Mean BW (g): 1,820 (±950) 

Male (%): 8 (35) 

 

 

 

 

 
17 Median (range) G A  

(weeks): 28 (23 – 4 1 ) 
Median (range) BW (g ):  

890 (530–3, 9 40 ) 

Median (range) postna t a l  
age at time of dosing (day s):  
36 (0–181) 
Median (ra ng e ) 

postmenstr ual ages at time of 
dosing (weeks): 37 (24–49) 

IN dexme det o mi di ne 3  
μg/kg versus IN  

midazola m 0.1–0 . 2  
mg/kg or IV midazo l a m  

0.05–0. 1 mg/kg 

 

 
 

IN fentanyl mean dose  

(±SD): 1.3 (±0.4) 
μg/kg 

No control 

 
 

 

 

 
IN midazol a m 0.1 – 0 . 2  
mg/kg or IN fentany l 1–

2 µg/kg 
No control 

MRI scan “at term” (medi a n 
(IQR) term at MRI (week s):  

40.1 (39.8– 
40.6)/40.7 (40.2–40.1) 

Premature infants born 

≤32 GA or birth weight 
<1,500 g 

 
All neona te s in NI CU  

without an IV w ho  
received IN fentanyl for  

procedural pai n  
management 

 

 

 

 
All infants receiving one of 
more doses of midazola m or  
fentanyl via the intrana sa l  

route for clinical procedur e s  
while admitte d to NICU 

 

 
 

 

 

 
 

 

 

 
 

 

 

 
 

 
 

Infants simultaneo u s l y  

receiving midazola m or  
fentanyl by other route s  
(e.g., intravenous) 

Evaluate whether the  
introducti on of 

dexmedetomidine 
reduced the number of 

doses of midazol a m 
needed to achieve seda ti o n  
for MRI 

 
Evaluate the bene fi ts  

and risks 

 

 
 

 

 
 
 

Evaluate safety defined by  
occurrence of adverse  
events (dea th,  

hypotension, bradycardi a ,  
worsening respirator y  

status, chest wall rigidity) 

Adverse effects (apnoe a ,  
desaturati on, bradycardia) Ti me  

to achieve sedation 

 

 
 

 

 
Physiologic response (H R,  

RR, MABP, oxy g e n  
saturation), FiO 2 

Pain score: PIPP scor e  
Cardiorespiratory 

depression Indicati o ns  
for use 

Procedures undertake n Doses 

Indications Midazol a m 
or fentany l doses 

Physiological variables: HR, RR,  
MABP, respiratory support 
Adverse events (respira tor y  

distress, hypotens i o n,  
bradycardia) 

 
 

IN, intranasal; IM, intramuscular ; IV, intravenous; RCT, randomize d controlle d trial; wGA, weeks of gestational age; RR, respiratory rate; HR, heart rate; MABP, mean arterial blood pressure; IVH, intraventri c ul a r  

haemorrhage ; NICU, neonatal intensive care unit; MRI, magnetic resonance imaging; nMDZ, nasal midazolam; ROP, retinopathy of prematurity. 

country 

 

control 

    



 

 
Rob2 

Sindhur 
(2020) 

Wang 
(2020) 

Milési 
(2020) 

Randomisation process + + + 
Deviations from the intended interventions + + + 
Missing outcome data + + + 
Measurement of the outcome + + + 
Selection of the reported result + + + 

Risk Low Low Low 

 
 
 
 
 
 
 
 
 
 

Fig. 2. Revised Cochrane risk-of-bias tool 
for (quasi)randomized trials (Rob2) and 
assessment of quality using the Newcastle- 
Ottawa Scale for cohort studies. 

 

Secondary Outcomes 

Adverse events were reported in all studies, although with different incidences (Fig. 3). Five studies reported 
respiratory depression, apnoea, or desaturation, with similar incidences compared to control groups [23, 24, 27–29]. 
Respiratory depression was described as brief and self-limited or requiring only tactile stimulation [27].  

Positive pressure ventilation or increased FiO2 [23, 27, 28] was only needed for short periods. Respiratory depression 
was mostly described after nMDZ [24, 27, 29] or fentanyl administration [23, 28]. After dexmedetomidine, desaturation 
occurred in 13% of the infants, 85% of whom had been exposed to rescue therapy with IN or IV midazolam [27]. 

Baleine et al. [26] reported hypotension in 33% of patients after midazolam. Fluid bolus for persistent hypotension 
was required in 15% and 44% of newborns following midazolam [25, 26] and in 36% after nasal ketamine [25]. These 
studies were conducted in preterm neonates in the delivery room. However, hypotension was not found after nasal 
midazolam [24, 29] or nasal fentanyl [28, 29] when used in the NICU. 

One patient developed a paradoxical reaction, with agitation, myoclonus, and hypertension in the hour following 
a single nMDZ administration, and two other patients presented unsustained myoclonus immediately after 
administration [26]. Among other adverse events, bradycardia did not occur [23, 25–27, 29], chest wall rigidity was 
not reported, particularly with fentanyl [23, 29], nor any rash or feeding intolerance [23]. 

One study described intermediate term outcomes after nMDZ or nKTM. There was no difference in mortality, 
morbidity, and NICU length of stay between the two groups [25]. 

IN drugs were most commonly used for analgesia or sedation during MRI [24, 27, 29] or intubation [25, 26, 29]. 
Other indications included screening for ROP [23,29], central line insertion [28, 29] or removal [28], thoracocentesis 
[28], and surgical dressing changes [29]. 

Molecules used included midazolam [24–27, 29], fentanyl [23, 28, 29], dexmedetomidine [27], and ketamine [25]. 
Doses of nasal midazolam ranged 0.1–0.4 mg/kg, given once or twice [24–27, 29] with intervals before intervention at 4.8 
min (IQR 3–9) and 10 ± 6 min [25, 26]. Nasal ketamine with doses of 2–4 mg/kg allowed intubation after 16 ± 8 min [25]. 
IN fentanyl doses ranged from 1 to 2 μg/kg 
[23, 28, 29]. No additional pharmacokinetic data were available. A single dose of 3 μg/kg of IN dexmedetomidine  
achieved sedation within 10 min (IQR 8–12) [27]. 

Quality assessment criteria 
Baleine 

(2014) 

Bua 

(2018) 

McNair 

(2018) 

Ku 

(2019) 
A. Selection 

Representativeness of the exposed cohort + + + + 

Selection of the non-exposed cohort – + – – 

Ascertainment of exposure + – + + 

Demonstration that outcome of interest was not present 
at start of study 

– – – – 

B. Comparability 

Study controls for gestational age/birthweight / + / / 

Study controls for at least 3 additional risk factors / + / / 
C. Outcome 

Assessment of outcome + + + + 

Was follow-up long enough for outcome to occur? + + + + 

Adequacy of follow-up of cohorts + + + + 

Overall Quality Score (Maximum = 9) 5 7 5 5 

 



 

 

 

Fig. 3. Primary and secondary outcomes of the study: pain assessment; sedation assessment and adverses 

events. PIPP-R, Premature Infant Pain Profile-revised; PIPP, Premature Infant Pain Profile; FANS, Faceless Acute 
Neonatal pain Scale; SCR, skin conductance responses; RTC, Reactivity, Tonus and Consciousness; IM, intramuscu 
lar; IN intranasal. 

 

 



 

 

Discussion 
 

This systematic review identified 7 studies describing IN medications for pain and sedation management in NICU. The 
effectiveness of this alternative route to provide analgesia was demonstrated by lower pain or sedation scores 
assessed by various scales, improvement of skin conductance responses (SCR), reduced crying times or heart rates 
variation during the procedure, higher completion of diagnostic exams such as MRI, or decreased use of rescue 
therapy. Side effects were reported infrequently and included statistically non-significant increases in apnoea or 
desaturation, hypotension, and paradoxical reactions, with agitation or myoclonus. IN sedation for delivery room 
intubation was associated with elevated incidence of hypotension requiring therapy. However, the lack of a placebo 
control group does not allow a comparison with the physiological hypotension reported in almost 20% of very 
preterm infants during neonatal adaptation [30]. The haemodynamic impact after midazolam or ketamine should 
be considered with caution. Moreover, reported complications were similar to those found after IV administration 
and more likely resulted from the molecule rather than its route of admin istration. Data did not allow comparison 
for long-term outcomes in the sole prospective study where they were reported. 

 
Table 2. Intranasal  drugs and characteristics in chi ldren and neonates 

 

Drugs In doses, µg/  
kg/dose 

Compar e d to IV  
doses, µg/kg/dose 

Onset delay ,  
min 

Half-life, h Bioavailability, 
% 

Side effects 

Midazolam 200–300 50–200 5–10 4–6 50–83 Common: burning or irritation in nose, bitter taste in mouth 

      Uncommon: respirator y depressi on, hypote nsi on 

      Rare: myocloni c activity and paradoxical agitati on,  
neurologi c events 

Fentanyl 1–2 1–2 2–5 1 55–70 Common: local effects such as irritation and discomfort 

      Uncommon: nausea, vomiting 

      Rare: bradycardia, chest wall rigidity 

Dexmedetomidine 2.5–4 0.5–1 15–30 1–2 85 Common/uncomm on: hypother mi a 

      Rare: sponta ne ously resolving hypote nsi on or  
desaturation 

Ketamine 200–400 100–300 3–10 1–3 25–50 Common/uncomm on: sponta ne ously resol v i ng  
desaturati on nausea, vomiting, cardiorespira tory effects 

      Rare: stridor, laryngospasm agitation 

According to [8, 9, 11, 32, 34, 36, 38, 40, 41]. 

 
The IN route offers a possible alternative for drug delivery with a rapid onset action [31]. Its advantages and 

limitations, as well as its potential indications in neonates, are summarized in Figure 4. In children, IN administration 
appears to provide safe and efficient analgesia with pain control equivalent to oral or IV administration [8, 11, 13, 
18]. Its use is easy during either elective or urgent procedures especially when IV access is not available [9, 18]. A basic 
understanding of delivery techniques and medication bioavailability allows optimizing effectiveness [31]. The 
absorption of IN drugs is dependent on lipophilicity, molecular weight, drug ionization, and mucociliary clearance [9, 
10]. The highly vascularized nasal mucosa allows rapid absorption of drugs that bypass first- pass liver metabolism [10, 
18]. Maximizing both the drug concentration and the exposition to the absorptive mucosal surface increases absorptio n 
[18]. However, specific technical and safety questions about the IN route remain for the neonatal population. The use 



 

of atomizers is limited by the size of the neonatal nostril [18]. IN drugs are therefore administered without those, 
potentially decreasing mucosal exposition. While preterm infants often require non-invasive respiratory support, 
possible interference of nasal-CPAP or gas flows has not been investigated. As infants are obligatory nose breathers, 
potential local injury could lead to nasal obstruction. Burning or irritation in the nose and a bitter taste in the mouth 
have been reported in adults, especially after nMDZ [31, 32]. 

In addition to the paediatric and neonatal indications already mentioned, the extension of the use of IN in specific 
situations could be the subject of further reflection,  including delivery room management of congenital 
malformations (e.g., diaphragmatic hernia and laparoschisis), less invasive surfactant administration, analgesia in 
severe dermatological diseases without IV access, or reduction of an incarcerated inguinal hernia. Few data are  
currently available for these potential indications. 

Currently, the optimal choice of drugs and doses for analgesia in infants remains controversial [2]. 
Analgosedation protocols should take into account the pharmaco kinetic characteristics of the medications (such as 
absorption rates and bioavailability), their pharmacodynamics according to gestational and postnatal ages with high 
inter-individual variability in preterm infants, and the respective depths of analgesia and sedation required for the 
procedure. A rapid onset of action is preferable for acute pain or short procedures such as intubation. For 
sedationsuch as during MRI, a more sustained effect is desired. Surveys reported that opioids, mainly morphine and 
fentanyl, are the most common treatments for pain in NICU, followed by midazolam, chloral hydrate, and 
phenobarbital. Alternative medications, such as ketamine, propofol, and dexmedetomidine, are less commonly 
used [2, 33]. The nasal doses used in the included studies were determined either by small population trials or by 
extrapolation from paediatric IN doses. Compared to IV doses, IN doses were broadly similar for fentanyl and slightly 
higher for the other molecules. Furthermore, pharmacokinetic data on bioavailability and absorption rate after IN 
administration are scarce in neonatology. Table 2 summarizes the paediatric and neonatal characteristics of the 
molecules used in the included studies and compares them with IV doses [34]. 

Fentanyl is an opioid considered to be 50–100 times more potent than morphine [35]. It has a rapid onset of 
action, from 2 to 5 min, and a short half-life [7, 35]. In addition to inherent side effects of opioids such as respiratory 
depression, hypotension, constipation, and urinary retention, a risk of bradycardia and chest wall rigidity is 
recognized with fentanyl, typically with higher boluses and rapid injections [2, 7]. Fentanyl is highly lipophilic, which 
increases its absorption after IN administration [9, 10] allowing good analgesia with few side effects [23, 27, 28]. In 
adults, its bioavailability is reported as between 55 and 70% of the equivalent IV dose [36]. Hence, McNair et al. [28] 
considered that 1.5 μg/kg IN fentanyl is equivalent to 1 μg/kg IV. The interindividual variation of fentanyl 
pharmacokinetics is important in preterm infants [37]. As lower doses of 0.5 μg/kg seemed to be insufficient for skin 
breaking procedures [37], doses of 1.5 μg/kg/dose (range from 1 to 2 μg/kg/dose) have been recommended for IN 
administration [35]. 

Midazolam is a short-acting benzodiazepine that acts through interaction with γ-aminobutyric acid receptors in 
the central nervous system, with sedative properties [38]. While midazolam remains widely used in routine practice 
in the NICU [2, 33], its use in preterm neonates is not recommended because of its side effects such as respiratory 
depression, hypotension, and long-term neurotoxicity [2, 25, 39]. Although additional safety data remain necessary, 
nMDZ at 0.1–0.4 mg/kg provided adequate sedation [24–27, 29]. IN bioavailability is around 50%, and elimination 
half-life is between 4 and 12 h in the neonate [32, 38]. 

Among alternative molecules, dexmedetomidine, a selective alpha-2 adrenergic agonist, is increasingly used off label 
for paediatrics procedures and sedation within intensive care units [13–16]. It has sedative, anxiolytic, and analgesic 
properties and often reduces the need for concomitant opioid use [7]. The limited current neonatal data suggest 
limited efficacy in preterm and full-term infants, good clinical tolerance, absence of major side effects,  and even a 
potential for neuroprotection [14]. Nasal dexmedetomidine has a high bioavailability >80% [40], an onset of action of 
15–30 min, and provides sedation for 55–100 min [41]. 

Ketamine is a dissociative anaesthetic that, in lower doses, provides good analgesia, amnesia, and sedation [2]. 
A recent meta-analysis concluded that IN ketamine produced adequate sedation in children, without serious 
adverse effects [12]. While nausea and vomiting were the most common side effects [12], occurrence of well-known 
neuropsychiatric effects, such as hallucinations or nightmares, was difficult to assess in neonates. Furthermore,  its 



 

safety profile in neonates needs further characterization given possible neurotoxicity and limited data [2, 7]. In 
infants, nKTM doses of 2–4 mg/kg provided adequate comfort during intubation [25]. The nKTM bioavailability of 
25–50% is lower than those of nMDZ or nasal fentanyl [9]. 

This review’s strengths include its systematic design, a  pre-established protocol, and the application of the PRISMA 
methodology. The absence of language limitations improved exhaustivity. 

The conclusions of this review will be limited, given the limited number of studies available and their small 
populations. Few presented a comparative arm either with a placebo or another route of administration, which 
limits our conclusions both on efficacy and safety. Data on pharmacokinetics and plasma levels are lacking and likely 
differ in term and preterm infants. Moreover, the inclusion of cohort studies increases the risk of publication bias. 

Another difficulty highlighted with this review was the objective pain assessment in neonatology. The American 
Academy of Paediatrics suggested 5 scales to assess procedural neonatal pain, taking into account contextual and 
multidimensional factors, such as gestational age [2]. Those tools combine physiological and behavioural signs [2, 
7]. However, procedures can limit the evaluation of specific signs, such as facial responses with intubation. The 
FANS developed by Milési et al. 
[42] provided a specific solution in two of the studies [25, 26].Changes in physiological variables have also been used  
for pain evaluation [2]. Baleine et al. [26] used electricalSCR, and most of the included studies evaluated the heart 
rate variability. Pain assessment in newborns remains challenging and requires the integration of multiple 
parameters. 

The heterogeneity of outcomes is both a limitation and strength. The expected outcome of IN medications varied 
according to the procedure. While not allowing a metaanalysis  and precise figures, this variability gave an overview 
of the possible uses of IN analgesia and sedation. 

 

Conclusion 
 

Despite limited data and heterogeneous studies, IN pain and sedation management tended toward a positive 
effect. Few general side effects such as brief apnoea/desaturation or hypotension were described. The IN route  
therefore appears to be a potential alternative for the administration of analgesic drugs in the NICU, particularly 
when IV access is not available. However, data addressing the safety of the IN medications and their pharmacokinetic 
are still insufficient in infants. There is a need for randomized control trials assessing, in both term and preterm 
infants, the effectiveness, safety, and pharmacology of IN medications for acute pain or for sedation, with 
comparisons with either IV medication or placebo when IV access is not possible. 

 

 

 

 

 

 

 

 

 

 

 

 
 



 

Fig. 4. Intranasal administration in neonates: summary. Pictures: left: IN administration with the atomizer, right: 
without it. IN, intranasal; CPAP, continuous positive airway pressure; LISA, less invasive surfactant administra- 
tion; PICC, peripherally inserted central catheter; MRI, magnetic resonance imaging; CT-scan, computed tomog- 
raphy scan; ROP, retinopathy of prematurity. 
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